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Abstract—Accurate information of the junction temperature of
SiC power MOSFETs ensures safe operation and helps reliability
assessment of the devices. In this paper, an online junction tem-
perature extraction method is proposed based on the electrolumi-
nescence phenomenon of the body diode of SiC power MOSFETs. It
is found that during the forward conduction interval of the body
diode, visible blue light is emitted around the chip, which ascribes
to the radiative recombination in the low doped region of SiC
MOSFETs. Experimental results suggest the light intensity changes
linearly with the variation of the temperature and behaves as a
temperature sensitive optic parameter (TSOP). Further, an electro-
thermal-optic model is proposed to reveal the relationship between
the electroluminescence intensity, forward current, and junction
temperature. Based on the TSOP, an online junction temperature
extraction method is proposed for SiC MOSFETs and verified in an
SiC MOSFET based inverter. Compared with state-of-the-art meth-
ods, the proposed junction temperature measurement method is
contactless and immune from the aging of the package.

Index Terms—Body diode of SiC MOSFETs, electroluminescence,
junction temperature extraction, thermal management.

I. INTRODUCTION

S IC power MOSFETs are emerging next generation devices
for the high switching frequency, high voltage, and high

temperature converters. As the successful commercialization of
the wide band gap devices, the SiC power MOSFETs based appli-
cations are growing gradually. To date, although SiC devices are
meant to operate in high temperature, their maximum junction
temperature is limited by the package and relatively small die
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size compared with the Si counterparts [1], [2]. Previous studies
also verified that junction temperature and temperature variation
play a critical role in the reliable operation of the power devices
[3]–[5]. Since the condition of the field operation of converters
is complex and unpredictable, the online junction temperature
monitoring methods for the SiC devices are of great significance
in terms of the safe operation and reliability assessment.

As to the online junction temperature measurements, the ac-
curacy, response speed, and the complexity are mostly con-
cerned. State-of-the-art methods can be characterized into four
classes, including the thermal sensitive electronics devices, ther-
mal sensitive optic parameters, thermal impedance-based esti-
mation, and temperature sensitive electrical parameter (TSEP)
methods [6].

Traditionally, in high power devices, the thermal sensitive de-
vices such as the thermal resistance and thermal diode are placed
in the package to measure the temperature. In [7], the thermal
sensitive diode is used to measure the junction temperature. The
main limitations of these methods are the large error and the slow
response speed due to the large thermal impedance between the
temperature sensitive devices and the targeted chip. Thermal
impedance calculation is another method [8], [9]. The thermal
impedance is measured offline and the junction temperature can
be deduced indirectly with the calculated power loss. The main
challenge is to acquire the accurate thermal impedance due to
the variation of the thermal impedance with the aging of the de-
vices. The noncontact optic methods have been widely used to
measure the junction temperature. Instruments such as infrared
cameras and fiber optic thermometers are widely adopted with
acceptable response speed and accuracy. But these methods are
complex and inappropriate to be widely adopted in the online
temperature estimation of the power devices.

As an improvement, the temperature sensitive electrical
parameters (TSEP) based temperature estimation is developed.
The TSEP methods estimate the junction temperature through
the temperature dependent electrical parameters of the power
devices [10]. Compared with the conventional methods, these
methods have a fast response speed and is simple to realize.
Fig. 1 demonstrates the effective indictors of the TSEPs in
SiC power MOSFET. It is verified that the ON state resistance,
di/dt during switching, gate drive voltage, and current are the
effective temperature sensitive parameters [11]–[14], [16].
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Fig. 1. TSEPs of SiC power MOSFETs.

These parameters have been proved to estimate the junction
temperature successfully.

However, from application perspective, there are two main
challenges in junction temperature sensing with TSEPs. On one
hand, the temperature estimation and the ongoing aging of the
package are deeply coupled and difficult to be separated [15].
On the other hand, the electrical signals may be disturbed by the
high EMI environments, especially for those measurements with
the physical contacts [11]. This is the case especially for SiC
power MOSFETs with fast switching speed. High dv/dt and di/dt
introduces high noise to the sampling circuit. The fast switching
speed also add more difficulty in designing the sampling unit
for some TSEPs, for example, the gate driver current [16] and
the drive threshold voltage Vth measurement method [11]. To
overcome these limits, it is of great significance to search new
indicators of the junction temperature of the devices.

Generally, the SiC crystal has the electroluminescence feature
and is adopted to fabricate light emitting diode (LED) in history
[17]. However, the incidental light emitting phenomenon in the
body diode of SiC power MOSFETs has not drawn any attention
yet. In the latest generation of the SiC MOSFET, the body diode
is suggested to conduct the load current during the dead-time
instead of the SBDs [18]–[21]. During forward conduction of
the body diode, it is found that a blue light is generated from the
SiC chip. This phenomenon has been briefly reported in [22]
and is utilized in current sensing. In this paper, the electrolu-
minescence of the commercialized SiC MOSFETs is investigated
and characterized in detail. From the point view of reliability, it
is found out that the luminescence intensity is a thermal sensi-
tive optic parameter (TSOP). A light detection circuit using the
widely adopted photodiode is designed to transfer the generated
light into the electrical signals. And then this method is adopted
in a real converter that the body diode is only conducted during
the dead time. The analytical model is proposed considering
the PWM switching. Based on the proposed model, junction
temperature can thus be estimated online.

This paper is organized as follows, in Section II, the mech-
anism of the electroluminescence is analyzed to give a basic
understanding. In Section III, the temperature dependence of
the luminescence is investigated and TSOP method is proposed.
In Section IV, the electroluminescence in a PWM inverter is
analyzed and modeled. In Section V, the TSOP based junction
temperature extraction method is verified in an experimental

platform. Finally, the conclusions of the TSOP method are pro-
vided in Section VI.

II. MECHANISM OF ELECTROLUMINESCENCE PHENOMENON OF

SiC MOSFET BODY DIODE

Electroluminescence phenomenon refers to the photo emis-
sion from a solid-state material caused by an electrical power
source excitation [17]. The visible light emission from the SiC
material has been reported more than 100 years ago. The first
light emission diode (LED) made from SiC has been introduced
based on this phenomenon. But it is soon eliminated due to
the low light generation efficiency. In this section, the electro-
luminescence of the body diode of the SiC power MOSFETs is
observed and characterized.

SiC power MOSFETs have an intrinsic p-i-n body diode oper-
ate in the bipolar conduction mode. Fig. 2(a) demonstrates an
example of the conduction of the body diode in a half bridge
configuration, when the lower MOSFET turns OFF, the body diode
of the upper switch will turn ON to freewheel the load current.
During the forward conduction of the body diode, the electros
and holes are injected into the low doped region of the SiC
MOSFET, as depicted in Fig. 2(b). Fig. 2(c) demonstrates the
excess carrier distribution in the low doped region [23]. In the
equilibrium state, the injection and recombination of the excess
carriers are balanced. In the recombination process, the extra
energy may be released in the form of a photon [23].

There are three kinds of recombination in the low doped re-
gion of the SiC MOSFET chip, as depicted in Fig. 3. The direct
band to band recombination occurs when the free electros drop
to the valence band directly. The defect assisted recombination
refers to the recombination through the energy level in the for-
bidden band. The auger recombination refers to the free electros
falls into the valence band, but the extra energy is transferred
to another free carrier. In the SiC p-i-n diode, the dominant re-
combination in the normal operation is the defect energy level
states assisted recombination [24].

The radiative recombination, within which the recombination
is accompanied by a photon emission, is possible to occur in
the band to band recombination and deep-level states assisted
recombination [17]. Since the extra energy in the recombination
process is released by a photon, the relationship between the
peak wavelength λ of the light and energy E is [25]

λ =
1240
E

nm. (1)

The energy of the photon emitted from the direct band to band
recombination satisfies

E = Eg (2)

where Eg is the energy bandgap of the 4H-SiC. The bandgap of
4H-SiC is 3.26 eV at 300 K, from (1), the peak wavelength of
the released light is 380 nm, which is near the wavelength range
of blue light.

Another radiative recombination mechanism is through the
deep level states in the forbidden band. There exist many deep
level states in the forbidden band of the SiC materials. Some
of these deep level states are electrically activated and act as
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Fig. 2. Bipolar conduction in bode diode of SiC power MOSFET. (a) Current commutation of half bridge leg. (b) Structure of SiC MOSFETs. (c) Excess carrier
distribution in the body diode.

Fig. 3. Recombination in low doped region of SiC power MOSFET.

TABLE I
ELECTROLUMINESCENCE PHENOMENON IN SiC MOSFETs

radiative recombination centers [24], [26]. In the recombination,
the energy of the generated photon is smaller than the bandgap.
As a result, the released peak wavelength is larger than 380 nm.

To further understand the origin of the light emission, the
spectrum of the generated light is measured. Since the chip
of the commercial SiC MOSFETs is packaged and cannot be
observed directly, to measure the status of the chip directly,
two TO247 MOSFETs from two suppliers are decapsulated, as
listed in Table I. When the body diode is forward conducted, an
obvious blue light is generated around the SiC MOSFET chip.

To measure the spectrum of the emission light, an experimen-
tal platform is designed, as shown in Fig. 4. The body diode of

Fig. 4. Experimental platform setup for spectrum measurement.

the SiC power MOSFET is conducted by a controllable current
source. The generated light is exported to an optic grating spec-
trometer by a quartz optic fiber placed aside the SiC MOSFET

chip. Since the body diode has relatively large power loss dur-
ing continues conduction [27], the self-heating of the devices
needs to be considered. To decouple the influence of forward
current and the junction temperature on the light intensity, a
heating plate is placed under the SiC MOSFET to compensate
the junction temperature difference at different forward current
conditions.

Fig. 5 plots the unified light spectrum of the two MOSFETs
from different vendors at 100 °C. In 300–700 nm spectrum
range there are only two main peak wavelengths, accordingly
383 nm, 485 nm. Interestingly, through the two MOSFETs fab-
ricated by different vendors, the peak wavelength is the same,
which indicates the same light generation mechanism. Calculat-
ing the recombination energy level using (1), the corresponding
radiative recombination energy level is 3.23 eV and 2.56 eV.
The 3.23 eV photon equals to the energy bandgap of the 4H-
SiC, thus is caused by the direct band to band recombination.
The 2.56 eV photon is 0.68 eV below the bandgap and released
by the deep energy level assisted recombination.
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Fig. 5. Spectrum of generated light at 15 A/100 °C.

Furthermore, it is found that the energy level of defect Z1/2 in
4H-SiC, located at the conduction band below 0.63-0.68 eV [26]
matches very well from the measured 2.56 eV photon. There-
fore, the measured waveform is most likely from the radiative
recombination in the Z1/2 deep level states. The defect Z1/2 in
4H-SiC is a common intrinsic type of defect, which means it is
stable and can be found in all the SiC power MOSFETs [28].

Based on the aforementioned analysis, for devices from dif-
ferent manufactures, the light generation mechanism is the same.
Thus, this stable electroluminescence phenomenon is very suit-
able to be used as an indicator reflecting the operation status of
the SiC MOSFET chip.

III. JUNCTION TEMPERATURE DEPENDENCE OF

LUMINESCENCE INTENSITY

According to the previous analysis, the radiative recombina-
tion in the body diode of the SiC power MOSFET composes of the
direct band to band recombination and indirect deep level states
participated recombination. For the light wavelength center at
383 nm, the direct band to band recombination rate Rdirect has
the form [29]

Rdirect = Bn2 (3)

where B is the direct recombination probability, n is the excess
carrier concentration in the low doped region of SiC MOSFETs.
For the light wavelength center at 485 nm, the indirect recom-
bination rate Rindirect , has the form [29]

Rindirect = An (4)

where A is the indirect recombination probability. Under the
high-level injection condition at a given temperature, the excess
carrier density n is proportional to the forward current i [23]

n ∝ iτHL (5)

where τHL is the excess carrier life time. The total light intensity
IEL is proportional to the band to band radiative recombination
rate and the deep level radiative recombination rate [30], yields

IEL ∝ Iindirect + Idirect = An + Bn2 . (6)

Fig. 6. Luminescence intensity under different forward currents at 120 °C.

Fig. 7. Forward current dependence of light intensity.

Therefore, the relationship between the light intensity and the
forward current i can be represented as

IEL = ai + bi2 (7)

where a, b are coefficients influenced by junction temperature.
To verify (7), a series of light spectrum is measured form 10 A to
25 A with the CREE SiC power MOSFET at a given temperature.
When the forward current is 25 A, the total power loss of the
studied SiC power MOSFET is around 65 W. In this condition,
the junction temperature due to self-heating is 120 °C. Thus, the
measurement is conducted under 120 °C conditions.

The measured spectrum of luminescence is demonstrated in
Fig. 6. As the forward current increases, the luminescence in-
tensity increases. Meanwhile, the increasing speed of band to
band luminescence is faster than the deep level luminescence.
Fig. 7 gives the statistic light intensity for different kinds of
the luminescence. The measured data suggests the band to band
light intensity increases quadratically with the forward current.
And the deep level light intensity increases linearly with the
forward current. The growing trend matches well with the theo-
retical analysis in (7). Besides, the similar measured curve of the
current dependence of the total luminescence is also reported in
[22].

Aforementioned analysis assumes that the junction tempera-
ture remains constant under different forward currents. Whereas
the light intensity changes with the junction temperature in
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Fig. 8. Luminescence intensity under different temperatures at 20 A.

Fig. 9. Temperature dependence of peak wavelength.

reality and the temperature should be considered. In Fig. 8,
a series of light spectrum is measured at the forward current
20 A in the CREE SiC power MOSFET. Apparently, the band to
band luminescence increases with the increasing junction tem-
perature, whereas the deep level luminescence decreases with
the increasing junction temperature. There are many influential
factors contributes to the temperature dependence of the lumi-
nescence intensity. In summary, the light emission efficiency
changes with the temperature due to the following reasons:

1) As the temperature increases, the energy bandgap of the
semiconductors decreases, for 4H-SiC material, the en-
ergy bandgap satisfies [31]

Eg = 3.263 − 3.3 × 10−4 (T − 300K) (8)

where T is the temperature. Since the energy bandgap
decreases with the temperature increase, the peak
wavelength increases slightly as the junction temperature
increases, as measured in Fig. 9.

2) The excess carrier lifetime increases with the junction
temperature [32]. In SiC materials, the carrier lifetime is

τHL = τ0

(
T

300K

)1.72

. (9)

When the junction temperature increases, the carrier life-
time increases, as shown in (5), the radiative recombina-

Fig. 10. Temperature dependence of luminescence intensity at 20 A with
CREE SiC power MOSFET.

tion rate will change accordingly. As a result, the lumi-
nescence intensity is affected.

3) The recombination probability also changes with the junc-
tion temperature. The band to band recombination proba-
bility increase with the junction temperature, and the deep
level recombination probability decreases with junction
temperature [29].

4) Partial generated photon will be absorbed again and the
amount increase with the junction temperature [17].

Due to above reasons, the analytical expression of the temper-
ature dependence of the light intensity is complex. Whereas near
the operating temperature of the SiC power MOSFETs, the light
intensity is enough to be described by a linear phenomenological
equation [17]. Fig. 10 demonstrates the temperature dependence
of the light intensity at 20 A with the CREE SiC power MOSFET.
In the measured data, it is verified that both the band to band lu-
minescence and deep level luminescence changes linearly with
the junction temperature. The calculated linear correlation co-
efficient is larger than 0.98, which demonstrates a highly lin-
ear dependence between the junction temperature and the light
intensity.

Since the band to band luminescence and deep level lumines-
cence demonstrate different temperature dependent coefficients,
the total light intensity is

IEL = Iindirect [1 + k1ΔT ] + Idirect [1 + k2ΔT ] (10)

where Idirect and Iindirect are the light intensity of the band to
band luminescence and the deep level luminescence at a given
temperature, k1 and k2 are constant coefficients, and ΔT is the
junction temperature variation. Based on the previous analysis,
at a given junction temperature, the light intensity is only related
to the forward current, combing (7) and (10), the total light
intensity is

IEL = a0i [1 + k1ΔT ] + b0i
2 [1 + k2ΔT ] . (11)

This electro-thermal-optic equation links the junction temper-
ature, the forward current and output light intensity. The light
intensity demonstrates a good linearity with the junction temper-
ature. Thus, the light intensity serves as a temperature sensitive
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Fig. 11. Waveforms of electroluminescence in a SiC inverter.

optic parameter (TSOP) that reflect the junction temperature of
the SiC chips.

IV. ELECTROLUMINESCENCE ANALYSIS IN PWM CONVERTERS

Previous analysis is based on the continue forward current
conduction in the body diode, however, in most applications,
the body diode is only conducted during the dead-time interval.
Under this condition, the luminescence phenomenon is also
existed in the SiC MOSFET based inverter. This section will give
a detail discussion taking a half bridge leg as an example. In
the SiC converters, the synchronous rectification of the SiC
MOSFET is suggested to replace the conduction of the body
diode to reduce the ON-State loss. As a result, the body diode is
only conducted in the dead time period, as depicted in Fig. 2(a).
Fig. 11 depicts the modulation scheme of a two level SiC MOSFET

inverter.
To SiC MOSFET inverter, the ripple current of the inductor is

relatively small. Ignoring the ripple current of the inductor, the
load current is

iL = IL sin (ωt) (12)

where IL is the magnitude of the load current, ω is the funda-
mental angular frequency. In the voltage source PWM inverter,
a small piece of time is inserted between the turn ON and OFF of
the devices to ensure the reliable current commutation between
the upper and lower switch. If the load current is positive, when
the lower switch is turned ON/OFF, the body diode of the upper
switch will be conducted until the deadtime ends, as demon-
strated in Fig. 11. Two pieces of pulse current flow through
body diode in a switching period in this case. As a result, the
emitted light is composed of a series of the optic pulses. If the
load current is negative, the body diode will not be conducted.

To simplify the analysis, the turn ON and turn OFF transition of
the body diode is ignored due to the fast switching time. During
the dead time, the current of the body diode equals the load
current. Thus, the average light intensity in a switching period
can be calculated by

iEL =
2
TS

∫ t+TD

t

(a0iL (τ) (1 + k1ΔT )

+ b0i
2
L (τ) (1 + k2ΔT )

)
dτ (13)

Fig. 12. An example of light intensity in a PWM converter.

Fig. 13. Schematic (a) and prototype (b) of the photosensitive circuit.

where TD is the deadtime, TS is the switching period. Since the
deadtime is relatively small compared with the fundamental fre-
quency, the load current can be approximated constantly during
the deadtime, yields

iEL = dDT
(
a0iL (1 + k1ΔT ) + b0i

2
L (1 + k2ΔT )

)
(14)

where the deadtime duty cycle dDT is

dDT =
2TD

TS
. (15)

Fig. 12 gives an example of the ideal light intensity and
the forward current of a SiC MOSFET body diode at a constant
junction temperature condition. For a given PWM converter, the
deadtime is constant during normal operation, the load current
is sampled by a current sensor. Adopting (14), the junction
temperature can be calculated instantaneously.

V. EXPERIMENTAL VERIFICATION

To estimate the junction temperature of the SiC power MOS-
FETs based on TSOP, the generated light should be detected
first of all. Fortunately, photosensitive devices have been widely
adopted in industry. In this section, a photosensitive circuit is de-
signed and verifies in reality. Then the TSOP estimation method
is verified in a 5 kVA SiC inverter.

A. Photo Sensitive Circuit Design

The photodiode SFH250 V [33] is adopted to detect the light
form the SiC power MOSFET. When applied by a reverse voltage,
the current of the photodiode is proportional to the input lumi-
nous flux. The detection circuit is demonstrated in Fig. 13(a). To
eliminate the stray light from the environment, two photodiodes
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TABLE II
SPECIFICATIONS OF SiC INVERTER

Fig. 14. Block diagram of junction temperature extraction setup.

with the differential amplifier is adopted. D1 measures the light
generated by SiC power MOSFET and the auxiliary diode D2
measures the environment light near the SiC chip. The output
voltage vo of the sampling circuit is proportional to the input
light intensity, that is

vO = kiEL (16)

where iEL is the light intensity, k is the proportional coefficient.
A quartz optic fiber is placed besides the SiC chip to export
the generated light to the sense circuit. To avoid the disturbance
from the ambient, a metal shield is added to the sampling circuit,
as demonstrated in Fig. 13(b).

B. Experimental Platform Setup

A full bridge SiC inverter based on CREE 1200 V/90 A SiC
power MOSFETs is built to verify the proposed junction tempera-
ture estimation method. The key parameters of the SiC inverter
are listed in Table II. The switching frequency is 50 kHz and
the load inductor is 0.8 mH. Fig. 14 demonstrates the diagram
of the experimental setup. To measure the generated light in the
package, the lower switch S4 is decapsulated and acts as the
device under test (DUT).

Fig. 15 demonstrates the experimental platform setup. The
dc power supply offers a constant voltage or current to the
converter. The fiber optic temperature thermometer OTG-F from
Opsens Solutions [34], which has ± 0.8 °C resolution and 5
ms response speed, is adopted as the accurate measurement
reference of the temperature. Since the light flux exported to the
photodiode is affected by the position of the optic fiber, a 3-axis
precision displacement platform is adopted to stabilize the optic
fiber. Fig. 16 demonstrates the light generation phenomenon

when the output current equals 25 A during normal switching
of the devices. Compared with the light generation in Table II,
this emission light is generated in the switching operation of
the devices when the body diode is only conducted during the
deadtime interval.

C. Test in the Continuous Forward Current Condition

In this section, continuous current is applied to the body diode,
then the junction temperature is measured in the thermal steady
state. Under different forward currents, the steady state junction
temperature is different due to different power loss. By adjusting
the cooling fan speed, the output voltage of photodiode sampling
circuit is acquired under different junction temperatures at given
forward current. The result is demonstrated in Fig. 17. The
output voltage decreases linearly with the junction temperature
rises.

To realize online junction temperature calculation, the four
parameters a0 , b0 , k1 , k2 need to be obtained first. For a given
SiC converter and measurement circuit, these parameters are
fixed. Therefore, they can be acquired in a calibrating exper-
iment offline. A series of known junction temperatures, for-
ward currents and output sampling voltage are measured before
the normal inverting operation of the converter. According to
the electro-thermal-optic model in (11), using linear regression
analysis form the measured data, the output voltage is

vO = 5.5982iL (1 − 0.00570 × ΔT )

+ 0.0178i2L (1 + 0.0155 × ΔT ) mV (17)

where iL is the load current, ΔT is the junction temperature
variation. The parameters k1 = −0.00570, k2 = 0.0155 indicate
the influences of the junction temperature variation on the light
generation efficiency of the body diode. In this setup, for band
to band luminescence, the light generation efficiency increases
155% when the junction temperature rises 100 °C. And for
the deep level luminescence, the light generation efficiency de-
creases 57% when the junction temperature rises 100 °C. From
(17), let ΔT = 1.0 °C, the sensitivity of the junction temperature
measurement is

Δv =
(−0.0319iL + 0.002759i2L

)
mV/◦C. (18)

The accuracy of the junction temperature dependent is de-
cided by the forward current and the gain of the measuring
circuit. For example, when the forward current equals 30 A, the
temperature sensitivity is 1.53 mV/°C.

Further, a step current is added to the body diode, the wave-
form is demonstrated in Fig. 18. The sensor output voltage
responses immediately the current applied, meanwhile the junc-
tion temperature rises slowly due to the heat accumulation.
Therefore, the output sampling voltage will decrease along with
the junction temperature increasing. Using the measured coeffi-
cients from (17), the junction temperature is calculated online.
The result is demonstrated in Fig. 18. The extracted junction
temperature demonstrates a highly coincidence with the mea-
sured data from the optic fiber thermometer. The average error
is less than ±3 °C.
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Fig. 15. Appearance of SiC 5 kW inverter platform.

Fig. 16. Demonstration of electroluminescence during switching operation at
25 ARMS.

Fig. 17. Junction temperature dependence of sensor output voltage.

D. Online Junction Temperature Measurement in a
PWM Inverter

During inverting operation of the SiC converter, the light
emission is measured by the sampling circuit in this section. As
pictured in Fig. 11, in a fundamental cycle, the body diode of
the DUT is only conducted when the load current is larger than
zero. Fig. 19 demonstrates the optic sampling output voltage vo

and the load current iL at 25 A. The output voltage of the pho-
tosensitive circuit matches well with the theoretical waveform
proposed in Fig. 12.

Using the output voltage and inductor current, the junction
temperature can be estimated using (17). Fig. 20 demonstrates
the estimated junction temperature with the proposed TSOP.
Due to the light is generated in the positive half cycle of the

Fig. 18. TSOP method at a current step response.

Fig. 19. Waveform of inductor current and sampling circuit output.

output current, the junction temperature can only be obtained in
the positive half cycle. The temperature variation in the nega-
tive half cycle cannot be acquired in this setup. The measured
junction temperature variation from the fiber optic thermome-
ter is 52 °C. In the positive half cycle of the load current, the
error between the TSOP and the measurement from optic fiber
thermometer is less than ±5 °C.

The proposed TSOP method demonstrates some good perfor-
mances such as galvanic isolation and free from the influence
of the aging of the package, which are the main challenges
in the present online junction temperature extraction methods.
The junction temperature estimation unit can be integrated with
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Fig. 20. Estimated junction temperature with proposed DTSOP.

the control unit of the converter. Meanwhile, there exists some
drawbacks to overcome, such as the relatively lower sensitivity.
The potential improvements including use more sensitive pho-
todiode in the spectrum range of the generated light and select
the optimized gain for the amplifier.

VI. CONCLUSION

The electroluminescence contains information of the inner
status of the SiC MOSFETs and can be utilized to develop junc-
tion temperature sensing methods. It is existed in all the SiC
MOSFETs and has stable characteristics. The luminescence is
generated through band to band recombination with 3.23 eV
photon emission and deep level recombination with 2.58 eV
photon emission. The band to band luminescence increases lin-
early with the forward current increasing, whereas the deep
level luminescence increases quadratically with forward cur-
rent increasing. Meanwhile, the light intensity demonstrates a
good linearity with the junction temperature variation. For the
proposed experimental setup, the band to band luminescence
increases about 155% with 100 °C temperature increase, the
deep level luminescence decreases about 57% with 100 °C tem-
perature increase. Following these discoveries, the TSOP based
online junction temperature measurement method is developed
and verified in experiments on a 5 kVA SiC inverter. The total
error of the TSOP based method during switching operation
of the inverter is less than ±5 °C. Moreover, the temperature
measurement is contactless and the isolation and electromag-
netic interferences are free of concern. To adopt the proposed
method, some considerations in package need to be added to the
current device package in the future work.
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